1. The electrical activity of up to eight concurrently active motor units has been recorded from the human deltoid and first dorsal interosseous (f.d.i.) muscles. The detected myoelectric signals have been decomposed into their constituent motor-unit act.on potential trains using a recently developed technique.
INTRODUCTION
Electromyographic methods have long made it possible to distinguish accurately single motor unit activity during isometric contractions at low force levels. As the force level of the eontraetion is raised, however, the discharges of newly recruited motor units begin to overlap in time, producing a discouragingly complex e.m.g. signal. Various computerized and visual techniques have been employed to extract method is essential for accurate subsequent analysis ofmotor-unit behaviour.
As reported previously (LeFever, 1980; LeFever & De LuC&, 1982) , we have recently developed a visually assisted, computerized decomposition routine which has permitted the confident separation of as many as eight concurrently active motor units during high force-level contractions (up to 80 % of subject's maximal voluntary effort). In an extensive test for accuracy (LeFever, Xenakis & De Luca,' 1982 ), a skilled operator was able to decompose' successfully a mathematically i synthesized myoelectric signal consisting of eight superimposed motor-unit action. potential trains in Gaussian noise. Although the complexity of this synthetic signal I exceeded that of experimentally obtained myoelectric signals, the operator ,was able. to separate and classify motor-unitaction potentials (m.u.a.p.s] with 99-8%accuracy. The reproducibility of the technique was demonstrated. convincingly when two operatorsseparatelyand consistently decomposed an empiricaJlyobtainedmyoeleetric signal consisting offive m.u.a, p. trains. In both tests described above, the myoelectric signals were sufficiently Complex to make purely visual discrimination completely' impossible.
During triangular force-varying contractions, this decomposition method permits the firing rates of several concurrently active motor units to be followed from the onset of activity (recruitment), through changes associated with increasing and j decreasing force output (rate coding), to the cessation of activity (decruitment). This ! :: . analysis allows us to (1) compare simultaneously recruitment order with deeruitment ' order, (2)determine the mechanisms by which an individual muscle regulates theforce it"develops(recruitment .,8. rate coding) and (3) investigate the underlying motor unit • control scheme which permits a muscle to achieve precise force. The first two points i will be discussed in this paper, including the effects of subject training (or skill) and. force-rate of contraction. The following paper (De Luca, LeFever, McCue & Xenakis, i 1982) will describe an inveStigation of motor unit control schemes operating during : triangular force-varying contractions, together with an analysis of concurrently: active motor Writ behaviour during constant-force isometric contractions. '
METHODS
Between two and eight motor units were studied simultaneously during triangular foroe-varying isometric contractions of the human deltoid and first dorsal interosseous (f.d.i) muscles. A total of 286 individual m.u.a.p. trains were examined in the two muscles. The f.d.i. was chosen for study: because the isometric tension developed in the muscle is appro:rimate1yUnearlyproportionai to . the isometric force of abduction of the index finger (Stephens & TayloJ; . Similarly, for a specific transduction arrangement, the isometric force measured by a cuff attached. to the arm is ! approximately linee.rly proportional to the isometric tension developed by the middle fibres of the ; deltoid (De Luca & Forrest, 1973) . These relatively simple biomeohanical arrangements make it feasible to correlate motor unit activity directly with the force developed by the muscles. . Subjed8. Voluntary contractions were performed by thirteen adult males, including four normal, subjects, aged 21-34, and three groups of highly trained. performers: (a) three long-distance free-: style swimmers, aged 17-19, including the silver medallist in the 1500 metre event at the'1976 Olympic Games, and two team-mates from the 1978 U.S. nationally ranked Harvard University team (all were in training for international competitions); (b) Force recording. To record the force output of the f.d.i., a device was constructed to immobilize the subject's right hand with the index finger isolated between a rigid support and a pad attached to a force transducer of negligible compliance (2'7 ,um/kg). The pad made contact with the index finger at the proximal interphalangeal joint. This arrangement only measured force produced in the plane of the hand. To record from the deltoid, the subject was strapped to a padded table in the supine position, with right arm extended and pronated. A bracket secured to the table restricted the shoulder from shrugging, and a cuff around the forearm permitted vertical support bya cable lateral to the table. A second cuff was placed around the subject's arm just proximal to the elbow. connected by a cable to a force transducer, and positioned perpendicularly to the arm in the coronal plane. The transducer again had compliance of 2'7 ,um/kg and was secured to the table, oriented perpendicularly to both the arm and the supporting cable. As such, only isometric abduction in the horizontal plane was measured. Transducer outputs were recorded on FM tape and later transferred to digital storage with the myoelectric signal.
To provide a means for comparing the performance of the different slillled subject groups, the level of a subject's maximal voluntary contraction (m.v.c.) was averaged after three brief, non-fatiguing contractions. Every effort was made to maintain consisteilcy in the measurement of the in.v .c, The level of subsequent required contractions was then assigned as a percentage of this force (% m.v.e.), Maximal forces (100% m.v.c.) ranged in the deltoid from 13 kg by a pianist to as much as 39 kg by a powerlifter. In the f.d.i., maximal forces ranged from 3 to 8 kg.
Triangular force-varying isometric contractions were studied in each muscle under the following conditions. Peak forces of 40% m.v,e, and 80% m.v.c, were achieved during contractions with durations producing three different force rates (10, 20, and 40% m.v.c ./sec). The subjects were provided with visual feed-back of their force output during all contractions;
Myoelectric 8ignal recording. A single bipolar needle electrode was inserted into the muscle and positioned to record the discharges of between two and eight individual motor units during each ofthe above contractions. A commercially marketed Disa (13K 80) electrode was modified to reduce external force on the needle; the heavy cable was replaced with three 15 em long Q0078 mm diameter polyurethane insulated copper wires. AB detailed by LeFever (1980) and LeFever & De Luca (1982) , three myoelectric signal channels were recorded from the three available electrode pairs (between the two platinum-wire surfaces and additionally between each surface and the needle cannula) to facilitate subsequent m.u.a.p, identification. To minimize shunt capacitance and permit wide band recording, the electrode was connected to unity-gain Field Effect Transistor buffer pre amplifiers, located adjaCent to the recording site. A ground reference electrode was attached to the wrist. The electricaJactivity was then (1) filtered with a low frequency cut-off of 1 kHz and a liigh frequency cut-off of 10 kHz, (2) displayed on an oscilloscope, (3) recorded on an FM tape recorder, (4) compressed and transferred to digital storage, using a PDP 11/34 computer with an analogue-to-dlgital converter at a sampling rate of 50 kHz. The digitized e.m.g. signals were decomposed into constituent m.u.a.p, trains using an elaborate visually assisted, computerized system based upon maximum a posteriori probability receiver techniques (LeFever, 1980; LeFever et al. 1982) . Fig. 1 provides a simple schematic representation of this procedure operating on a myoelectric signal consisting of five m.u.a.p, trains.
The time-varying mean firing rate of each motor unit was estimated by passing an impulse train corresponding to the motor unit firing times through a unit-area, symmetric. Hanning-window digital filter (Oppenheim & Schafer, 1975) . This method was chosen since the degree ofsmoothing is independent of the firing rate, and the calculated firing rate estimate is unbiased and free of time delay distortion (LeFever, 1980; LeFever & De Luca, 1982) . The width of the filter could be altered to average over a variable amount of time, thus affecting the smoothness offiring rate fluctuations. A 400 msee wide filter was used to examine firing rate variations during the triangular force-varying contractions studied here. As shown in Fig. 2 , firing rates of concurrently active motor units could be displayed simultaneously with the force output of the muscle during a single contraction. 
BESULTB
An attempt is made to present here a vast amount of data concerning motor unit behaviour during triangular force-varying isometric contractions of the human deltoid and f.d.i. muscles. The effects of the following experimental variables on this behaviour have been examined: (a) subject skill (powerliftere, long-distance swimmers and pianists); (b) force rate of contraction (10, 20 and ~% m.v.c.j'sec}; and (c) peak force of contraction (40 and 80% m.v.o.) , Despite the apparent complexity introduced by these variables, certain generalizations can be drawn regarding motor unit activity in each of the muscles under study.
General motor-unit behaviour
Force output records from isometric contractions of both the deltoid and f.d.i, are shown in Fig. 2 , together with firing-rate records ofseveral-concurrently active motor units. Firing-rate patterns exhibited by these motor units were typical for their respeotive muscles at all force rates, and are characterized by the following properties.
(1) .Motor units began firing at lower rates in the f.d.i. than in the deltoid (Table 1) . These recruitment firing rates did not differ at the three force rates examined in the f.d.i. In the deltoid, slightly higher initial firing rates were observed at 40 %m.v.c./sec (13·S±2·1 'pulses/sec; mean±s.D. of an observation; n = (2) than at the two slower rates (12~7 ± 2·3 pulses/sec; n =82), but this difference was not significant at the 1 % level (two-tailed t teat). Recruitment firing rates did not depend on threshold force in the deltoid, but increased slightly with increasing threshold in the f. Table 1 , together with the number of motor units studied in each muscle.
(3) Prior to cessation ofactivity (deoruitment), motor units in both muscles tended to reach lower firing rates than their initial firing rates at recruitment; this effect was more pronounced in the deltoid than in the f.d.i. Table 1 shows the distribution of decruitment firing rates found in both muscles; no differences were observed at the three force rates examined. At all force rates studied in the two muscles, low threshold motor units tended to reach slightly lower decruitment firing rates than higher threshold units (approximately 0-4 pulses/sec for every 10% m.v.o, change in recruitment threshold). Subject dependence. The behaviour described above was generally consistent during all contractions within each subject group. However, significant differences in recruitment and decruitment firing rates were observed among the subject groups. Fig. 3 illustrates these differences, as well as pointing out the relationships between recruitment and decruitment firing rates in general for both muscles. A level of significance (Pvalue) is only reported when the difference between two subject groups was significant at the 1 % level. In the deltoid, the highest level of significant difference (P < 0'0041 was found between long-distance swimmers and powerlifters, with the latter having lower recruitment and higher decruitment firing rates. In the f.d.i, long-distance swimmers had significantly higher mean recruitment firing rates than all other groups (P < 0-0(1). All trained performers had higher mean decruitment firing rates than normal subjects (P < 0'(1). 
In each case the mean±s.D. of an observation is listed, with the number of observations (n) in parentheSes.
Orderly roontitment of motor units
In an effort to describe recruitment and decruitment order for all triangular force-varying contractions, force levels;associated with initiation and cessation of . This relationship points to a highly ordered recruitment and decruitment scheme: low threshold motor units tend to be decruited at subsequentlow force levels; while higher threshold motor units have a corresponding tendency to be deoruited at higher force levels (see Henneman, Somjen & Carpenter, 1965) . In most cases, concurrently active motor units were decruited in the opposite order in which they were recruited. Order reversals were seen rarely (3-5 %) ; however, the possibility of these observations being induced by relative movement of the electrode with respect to the active motor units during high force levels could not .be completely excluded. Small, upward shifts observed in the regression lines ofFig. 4 indicate that motor units in general had a tendency to cease firing at relatively higher force levels than those at which they began. This effect was also reported for single units in the f.d.i. by Milner-Brown, Stein & Yemm (19736) and may result simply beca-use the force developed by a motor unit inevitably lags its discharge. Fig. 4 also demonstrates a clear difference in the recruitment force ranges of the two muscles. Despite a careful and rigorous search, no newly recruited motor units were observed at force levels above 52% m.v.o. in the f.d.i, while recruitment was seen up to 80% m.v.c. in the deltoid. Recruitment VB. rate coding In an attempt to discern fundamental differences between the force-generating mechanisms of the deltoid and f.d.i., data from all subjects were grouped to compare recruitment-force threshold and peak firing rate (Fig. 5) . In both muscles, motor units recruited at low force thresholds generally reached higher peak' firing rates than those recruited at higher force levels. This relationship is extremely clear in the f.d.i. (Fig. 5) , due to the broad range of peak firing rates observed during single C...1. DELUCA AND OTHERS contractions (Fig. 2) 
rates observed here is primarily due to the grouping of data from all subjects, some discrepancies may have resulted from the widely varied firing-rate properties recently attributed to distinct types of motoneurones (Harris & Henneman, 1977 & Henneman, , 1979 . 
... IIf contrast to the f.d.i., low threshold deltoid motor units achieved only slightly higher peak rates than did Concurrently active higher threshold units, resulting in a much smaller "distribution of peak firing rates (Table 1) . Despite this problem, a highly significant negative correlation (P < 0'008) was seen between peak firing rate and threshold force during 40% m.v.o. of the deltoid. This relationship was less significant (P < 0-(8) during 80% m.v.c.; however, records of concurrently active motor units from individual contractions reveal a consistent trend which has been somewhat obscured by grouping data in this manner. The linear regressions plotted in Fig. 5 are therefore indicative of a solid negative correlation between peak firing rate and threshold force in the deltoid. Fig. 5 also shows that the firing rates of deltoid motor units do. not increase greatly as force output increases from 40 to 80% m.v.e. (see also 
MOTOR UNIT BEHAVIOUR IN DIFFERENT MUSOLES

Rate coding near maximal voluntary contraction
Firing-rate changes associated with force development (at high force levels) in the f.d.i, fell into two categories. The first pattern was similar to that shown in Fig. 2 .
Such behaviour was typical oflow force threshold (less than. 30 % m. v .c.) motor units "during 80% m.v.e., with firing rates increasing steadily to as high as 50 pulses/sec. Strikingly different behaviour was seen in several high threshold (greater than 30 % m.v.o.) motor units (Fig. 6) . AB force levels approached 80 % m, v.c. these motor units displayed sharp bursts of activity, with firing rates rapidly increasing from 30 to 60 pulses/sec. This phenomenon appears to reveal a mechanism of force generation at extremely high force levels (see Discussion). It was only observed during slowly increasing (10% m.v.c./sec) contractions of 16 sec duration, indicating that both fatigue and the level of exertion may play important roles.
DISCUSSION
This study presents a substantially comprehensive characterization of human motor-unit behaviour during high force-level isometric contractions. Until now, it has been impossible to follow simultaneously and accurately the activity of several individual motor units from recruitment, through largeforce variations, to subsequent , decruitment. An effort has been made here to present only the most reliably separated m.u.a.p. trains (greater than 99 % accuracy). Highly accurate examination of the individual properties of motor units, as well as their interaction, has permitted UB to uncover several ofthe underlying mechanisms which control motor unit behaviour in two different muscles.
Recruitment and decruitment. properliu
Differences in the recruitment and decruitment firing rates of the two muscles are summarized in Fig. 3 . The decline in firing rate from recruitment to decruitment has been seen previously by recording single motor units (Milner-Brown et al. 1973b; Clamann, 1970) and is evidence of motoneuronal adaptation. The fact that motor units examined here were decruited at slightly higher forces than their recruitment thresholds reveals a seeming contradiction: lower firing rates producing higher force levels. Since decruitment order was orderly and the opposite ofrecruitment order (see below), this effect cannot be explained by differences in the number of active motor units. Rather, it points to, mechanical as well as motoneuronal adaptation. The potentiation of motor-unit twitch tension after repetitive stimulation has been well documented (for a review, see De Luoa, 1979) and seems a likely mechanism to explain this phenomenon. Olson & Swett (1971) have localized twitch potentiation to fatigue-resistant muscle fibres having slow-twitch characteristics. Since the deltoid of long-distance swimmers has been shown to have a significantly higher percentage of these fibres than that of powerlifters (Gollnick, Armstrong, Saltin, Baubert, Sembrowich & Shepherd, 1973) , the probability of detecting potentiation is greater and one could expect a more pronounced decline in firing rate from recruitment to decruitment (to produce an equivalent force output). This was actually the case for the deltoid (Fig. 3) , adding support to this conjecture. Furthermore, the difference between recruitment and decruitment firing rates in the deltoid was greater for low threshold motor units than for higher threshold units (seepoints (1) and (3) ofGeneral motor-unit behaviour), indicating a greater tendency toward twitch potentiation in low threshold units. As an interesting contrast, this decline in the f.d.i. was less noticeable in the pianists and powerlifters than in the other two groups, indicating less of a tendency toward twitch potentiation. These specialities are known to exert explosive training influences on the f.d.i., although little evidence of fibre type conversion (slow-twitch to fast-twitch) with training has been reported (Salmona & Henriksson, 1981) . , Highly signi,ficantdifferences in the absolute firing rates among different subjects (both at recruitment and decruitment) provide circumstantial evidence for variation in motoneuronal properties (e.g, the time course of after-hyperpolarization), either as the result of training or due to genetic factors. However, these results await further investigation by more direct methods and cannot be discussed meaningfully here.
Mechani8m8 of force generatiOn It is well known that mechanical properties of a particular muscle are highly dependent on its fibre composition; in particular, the ratio of fast-twitch to slow-twitch fibres ca.n determine whether a muscle is primarily postural or dynamic. Since these differences must exert a considerable effect.on force-generation mechan isms, for this study two muscles were chosen with similar composition (approximately 55 % slow-twitch; for exact values see Johnson, Polgar, Weightman & Appleton, 1~73). Results showed that these muscles use different mechanisms to increase force output above 40 % m.v .C.: the deltoid relies primarily on recruitment, the f.d.i. on rate coding (Figs. 2 and 5 ). This behaviour was invariant at the three different force rates studied here (10, 20 and 40 % m.v.c./sec). It seems reasonable to relate these contrasting force generation mechanisms to the anatomy and function of the. two muscles.
The f.d.i. is an anatomically confined, small muscle composed of approximately 120 motor units (Feinstein, Lindegard, Nyman & Wohlfart, 1955) . Once they have become active, even the smallest of these must oontribute noticeably to the total force output of the muscle, Ifrecruitment were the only (or even principal) means by which additional force was developed, the muscle would be incapable of producing a smoothly increasing contraction. As force increased, the orderly addition of large motor units would produce a 'staircase' effect in the force output record. Yet, the function of the. f.d.i. is to produce small, accurate-.movements of the index finger, requiring fine force gradation. To compensate for its sparsity of motor units, thef.d.i, relies on highly dynamic rate coding to produce smooth, linearly varying isometric contractions. This conclusion, first reached by Milner-Brown et al. (1973b) , is supported both qualitatively (Fig. 2) and numerica.lly (Table 1 ) over the much wider r8.nge of forces studied here.
. In contrast, the deltoid is a large muscle with as many as 1000 motor units (compare with approximately 770 motor units in the biceps; Christensen, 1959), each contributing a relatively small percentage to the total force output. Since the deltoid is used primarily for generating large, powerful contractions, finely controlled firing-rate activity is unnecessary during normal voluntary effort. Each newly recruited motor unit can provide a sufficiently small force increment to produce functionally smooth contractions.
Although other factors certainly help to determine the firing-rate pattern most beneficial for individual muscles, our a.naJysis may reconcile some of the disparity in motor-unit behaviour separately reported for 'phasic' muscles (Kosarov & Gydikov, 1976; Hannerz, 1974; Milner-Brown et al. 1973b) and for 'tonic' muscles (Kanosue, Yoshida, Akazawa, & Fujii, 1979; De Luca & Forrest, 1973; Clamann, 1970; Leifer, 1969) . Due to the complex firing-rate behaviour observed in concurrently active motor units during force variations (Fig. 2) , we resisted classifying individual units as either ' tonic' or 'phasic '(Kosarov & Gydikov, 1976) . Rather, a general firing rate behaviour was ascribed to each muscle, based on accurate examination of a large number of motor units in thirteen different subjects. Whether distinct 'tonic' and 'phasic' motoneurones &etuallyexist (Granit, Phillips, Skoglund & Steg, 1957) is the subject of some debate. However, the wealth of evidence presented here indicates that the distribution of' tonic' and 'phasic' behaviour in different muscles can be related to their structure and function.
Orderly recruitment and firing-rate propertie8
Since the 'size principle' of Henneman et al. (1965) was first proposed (based on work with cat motoneurones), much effort has been devoted to verifying its existence in human muscles. Some of the most solid evidence has been presented by Milner Brown, Stein & Yemm (1973a) , who examined single f.d.i. motor units with highly selective electrodes, correlating threshold force with twitch tension and contraction time. More recently, Freund, Budingen & Dietz (1975) have shown that motor-unit threshold force increases with axonal conduction velocity in the f.d.i. In this paper we have demonstrated a basic precept of the 'size principle' in humans: both the recruitment and decruitment order of motor units is related to their susceptibility to discharge. Lower threshold motor units respond to a homogeneously distributed synaptic input with higher firing rates (see also Freund et al. 1975; Tanji & Kato, 1973; Person & Kudina, 1972) and are subsequently decruitedat lower force levels. Evidence presented here supports the general existence of this relationship during isometric contractions in both the f.d.i. and deltoid muscles (Figs. 3 and 4) .
While this result is quite sensible on a superficial level, it points to a seeming contradiction. Higher threshold motor units tend to have shorter twitch durations and thus require higher stimulus frequencies to produce fused contractions (Wuerker, McPhedran & Henneman, 1965) . In the motor units studied by Milner-Brown et al. (1973a) , twitch contraction times in the f.d.i. ranged from 30 to 100 mseo. If this is indeed the case, the slowest-twitch units are completely fused ·at 20 pulses/sec, while the fastest-twitch motor units must reach at least 25-30 pulses/sec before substantial fusion begins. Yet, we have seen the lowest threshold motor units steadily increasing their firing rates to as high as 50 pulses/sec, well beyond the rates required for complete fusion. These apparently unnecessary firing-rate increases add further support to the existence of a passive, size-related response to a homogeneously distributed synaptic drive. Furthermore, the highest threshold and presumably fastest twitch motor units generally reach lower firing rates than those required for even partial fusion to occur (Fig. 5) , pointing to the idea that (in man) large, fast twitch motor units may never be completely fused during normal voluntary effort. While the twitch responses of unfused or partially fused motor units still con tribute substantially to the total force output, their presence suggests a large, seldom used potential for force generation.
A means of tapping this force reserve may be seen in Fig. 6 , where evidence of a firing-rate burst phenomenon in some of the highest threshold f.d.i. motor units is presented. The type of contraction in which this phenomenon is clearly seen (10% m.v.c.fsec) is important, since these strenuous contractions were the only type in which the subject reported definite effects of fatigue on performance. As force output slowly increases toward 80% m.v.c., muscular fatigue causes the actual level of maximal voluntary effort to fall below that possible in a non-fatigued state. During the contraction shown in Fig. 6 , the individual (a normal subject) actually reported the sensation of reaching maximal voluntary contraction at the time ofthe firing-rate bursts.
Brief firing-rate bursts of 50 pulses/sec have been reported in single units during maximal voluntary contractions of the human quadriceps muscles (Warmolts & Engels, 1972) , but only in patients with chronic low-grade motor neuropathies. Muscle biopsy revealed that this behaviour was only seen in homogeneous fields offast-twitch fibres (greater than 96 %), apparently arising as the result of collateral reinnervation. Because of the difficulties inherent in separating the activities of several rapidly firing motor units, we were unable to determine whether all units displayed this bursting activity or whether large Units were activated preferentially. The mechanical contribution of smaller units would presumably be small, however, since most are probably fused at the relatively high firing rates observed prior to the bursts (approximately 30 pulses/sec).
Although intermittent firing-rate bursts have been observed using single-unit recording, Fig. 6 to our knowledge is the first evidence of a bursting phenomenon in continuously active motoneurones during non-ballistic contractions. Whether these rapidly increasing firing rates result from a sudden increase in synaptic excitation is difficult to determine, However, evidence of this type of non-linearity is well documented in cat spinal motoneurones subject to increased levels of current in jection (Kernell, 1965) . Baldissera, Gustafsson & Parmiggiani (1978) have accounted for this effect (the so-called secondary range of motoneurone firing) by a model based on the time course of motoneuronal after-hyperpolarization, indicating that it may well be a passive response to high levels of synaptic current injection. This effect may also account for the extremely rapid firing-rate burets (60-120/sec) seen by Desmedt & Godaux (1977) during ballistic contractions of the tibialis anterior, where high levels of synaptic current are necessary.
In contrast, no evidence of a firing-rate burst response was seen during voluntary contractions of the deltoid up to 80% m.v.c. Because of the 'tonic' behaviour observed in the deltoid, motor-unit firing rates remained much lower than those reached in the f.d.i, (Table 1) . If twitch contraction times are comparable for motor units in the two muscles, most fast-twitch deltoid units are probably unfused even at 80 % m.v .c. Interestingly, a recent study ofsingle motor units in the neighbouring human brachialis muscle (Kanosue et al, 1979) has demonstrated behaviour similar to that seen here in the deltoid, but with an increased reliance on rate coding above 70 %m.v.e, Ourstudy did not investigate the force range between 80and 100 %m.v.c. ;
.however, the presence of unfused. motor units indicates that rate coding has a tremendous potential for increasing force output up to (and even beyond) maximal voluntary levels in muscles like the deltoid. If the central nervous system were to increase firing rates or generate firing-rate burats in the large fast-twitch motor units of the deltoid (such as those seen in the f.d.i.), extraordinary force levels could be achieved for short periods of time. This mechanism may indeed be the explanation for many of the incredible feats performed by humans under high stress conditions and during hypnotic states.
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